Supplementary Figure S1. EDS elemental maps of electrodes of in situ cells. (left) Al, Co, Ni for NMC Cell 1, (right) Al, O, P for LFP Cell 2. EDS maps of Fe and Mn are shown in Fig.1d and Fig.1e respectively. Figure S2 . Operando sXAS of a NMC/ PEO-LiTFSI /Li battery Cell 1. (a-c) In situ and operando sXAS provides elemental sensitive information on oxidation states of Co and Mn L-edges, which do not change during the electrochemical cycling between 2.8 and 4.2V (Fig.2b-c) . (d) Ni-L TEY of Cell 1 shows the evolution of Ni sXAS spectra corresponding to the electrochemical stages marked in Fig.2b-c.   Supplementary Figure S3 . Operando sXAS of a NMC/ PEO-LiTFSI /Li battery Cell 2. Ni L-edge sXAS TEY spectra of NMC cathode in Cell 2, which was charged before sXAS measurement. The data are consistent with that of Cell 1 (Fig.2,  Supplementary Figure S1d ) that starts from discharged state.
. In situ Fe L-edge sXAS of LFP/ PEO-LiTFSI /Li Cell 5. The electrolyte concentration in the cathode of Cell 5 is higher than that in Cell 3 ( Supplementary Table S1 ). Spectra without relaxation (black) shows no change, consistent with that of Cell 3 ( Fig.3a,d ). However, comparing with the relaxation data of Cell 3 ( Fig.3a) , the spectra evolve towards the electrochemically charged state after much shorter relaxation time. Fig.2a , Supplementary  Fig.S1a- 
